Burkholderia pseudomallei is the causative agent of the melioidosis and is endemic to 25 Southeast Asia and northern Australia. There is no available vaccine and accurate diagnosis is 26 difficult, time-consuming and labor intensive. Early diagnosis is an important part of successful 27 treatment and current serological tests are inadequate and based upon multiple antigens.
Introduction
Burkholderia pseudomallei is a Gram-negative environmental saprophyte and is also the Bertani (LB) agar to grow the bacterial strains at 37°C for 48 hours subjected to protein 93 extraction. This was a 50 year old patient who was sick for 6 weeks before the diagnosis of blood culture-negative skin infection by culture of B. pseudomallei from the regional lymph node. Clinical manifestation was an arm abscess with lymph node involvement. IHA titer was very high on admission (1:5120). The serum was collected from when the treatment was started, i.e., at the time of initial diagnosis. The patient was treated initially with intravenous ceftazidime plus oral trimethoprim/sulfamethoxazole and made a full recovery (Tuanyok et al. [15] ).
MSHR1328/ serotype A Australia
This was a 29 year old diabetic who was sick for 2 weeks with mild symptoms before the diagnosis of blood culture-negative pneumonia. Only sputum was culture positive. IHA titre was very high on admission (>1:5120). The serum was collected from when treatment was started, i.e., at the time of initial diagnosis. The patient was treated initially with ceftazidime and made a full recovery (Tuanyok et al. [15] ).
PB08298010/ serotype A

Arizona, USA
This was a 32 year old man who was sick for 6 weeks with a history of type II diabetes, hypertension, and obesity. Synovial fluid, blood and sputum were culture positive. Clinical manifestations were severe right knee pain and febrile upon hospital admission but the patient's hospital course was complicated by respiratory failure that required intubation and ventilation, acute renal failure, pneumothorax and pneumoperitoneum, anemia and hypotension. Antibiotics treatment included with meropenem, moxifloxacin, vancomycin, ceftazidime, gentamicin, and trimethoprim/sulfamethoxazole. All cultures were negative 2 weeks before discharged from hospital. The serum was collected 7 weeks after discharged from hospital. Source of exposure is unknown (Stewart et al. [16] ).
PB1007001/ serotype A Arizona, USA
This was a 49 year old woman who was sick for 8 weeks with a leg skin abscess and a swollen regional lymph node. Skin abscess fluid was culture positive for B. pseudomallei. Before diagnosis treatment included clindamycin, imipenem, vancomycin and metronidazole. The patient was treated with intravenous ceftazidime and oral trimethoprim/sulfamethoxazole. The time of serum collection is unknown. The epidemiologic investigation revealed that the patient had traveled to Costa Rica three months before the patient developed symptoms, suggesting infection acquired overseas.
Protein Extraction
98
For each protein preparation, bacterial colonies were suspended in sterile 1X PBS, pH 99 7.3, until a turbidity of 1.5 at OD600 was obtained. The bacterial cells were pelleted by 100 centrifugation at 16,000 x g for 3 minutes. 
In-Gel Trypsin Digest
141
The immunogenic protein spots on the Western blot membrane were matched with 2D 142 silver stained gel image using 2D analysis software (Melanie v. 7.0.6, Genebio, Geneva, CH).
The matched immunogenic spots were excised from the gels and destained with 0.02% sodium 144 thiosulphate and 0.5% potassium ferricyanide based on the method of Shevchenko et al., (1996) .
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Excised gel pieces were washed and dried with 50% acetonitrile and then reduced and alkylated 
176
Peptide mass and fragmentation spectra were searched against a protein database which was 177 generated from each strain by whole genome sequencing and RAST annotation [24] . FIGfam classification was used to categorize and determine the functional group of each 187 immunogenic protein [25] . The majority of immunogenic proteins were proteins known or 188 predicted to be involved in various metabolisms (see Table 2 ). For proteomic information on identified immunogenic proteins, several web-based tools 193 were used. Cellular location of identified proteins was predicted using the program "PSORTdb" 194 version 2.0 [26] . The presence of signal peptides was inferred using "SignalP" version 4.0 [27] . Because of the great genomic diversity among B. pseudomallei strains [28] , we used 204 matched sets of human sera and protein extracts of isolates from these same melioidosis patient 205 (Table 1 ). This was done to insure that at least the genes for antigenic proteins are present with 206 the potential to express and to be detected by the host. In one preliminary experiment, we did 207 examine the antigenicity of proteins expressed in vitro from a single strain (PB08298010) against 208 sera from its source patient but also two others (PB08298010 and MSHR1328). We found that 209 the two heterologous cross-reaction Western blots detected fewer immunogenic proteins than its 210 source patient's serum (data not presented). This is consistent with differential strain gene 211 contents, but it should also be noted that each melioidosis case is unique with a different host, common immunogenic proteins to be used as a diagnostic biomarker or vaccine target candidate. 
Discussion
Immunogenic protein profiles
Our findings demonstrate common and unique immunogenic proteins across the four B.
pseudomallei strains from different melioidosis cases. Given the different clinical presentations and time courses of infection and disease for each serum collection, it is to be expected that the primary immunogenic proteins would vary across the matched four strain sera [29] . It has been postulated that variation in immunogenic proteins can be related to different stages of illness and the different clinical presentation's related to particular virulence pathways.
We identified 50 immunogenic proteins from 135 total immunogenic protein spots by MS. Most proteins identified in this study had not been previously described as immunogenic in
B. pseudomallei, but six had been identified as immunogenic outer membrane proteins by
Harding et al. [30] and seven proteins detected in this study were found by Felgner et al. [14] .
These proteins are GroEL, AtpD, AtpA, DnaK, EF-Tu, AphC, FliC, and sucrose-6-phosphate hydrolase. Most previous studies have used pooled sera and then investigated whole cell lysate samples, fractionated proteins, or preselected immunogenic recombinant protein candidates [14, [31] [32] [33] . We detected fewer immunogenic proteins when compared to other studies. Our use of whole cell lysates may be a limiting factor that prevents us from detecting the immunogenicity of low concentration proteins. However it also allows us to determine the relative protein abundance and identify highly immunogenic proteins. Analyzing each strain with only one serum time-point from each patient may restrict our ability to detect additional immunogenic proteins as the patterns may change as the disease progresses. There are eight common immunogenic proteins observed across all four strain x serum combinations.
Chaperone GroEL
Of the identified immunogenic proteins, heat-shock proteins (hsps) were detected with great intensity and seroreactivity. Woo et al. [31] showed that sera from melioidosis patients showed a stronger antigen-antibody response to heat-shock protein 60 family chaperone GroEL than sera from patients infected with Burkholderia cepacia complex strains. Amemiya et al. [32] also found that GroEL was far more immunoreactive than DnaK. From this, it is not surprising that GroEL is a dominant immunogenic protein. Varga and colleagues [34] also found that the antibodies against GroEL increased almost 5 fold after infection [34] . B. pseudomallei has two copies of GroEL (BPSL2697 and BPSS0477) with 83% sequence identity. Only GroEL1 (BPSL2697) was detected in this study.
As a Hsp, GroEL is known to be involved in assisting protein folding in vivo. This folding process is subjected to interference from elevated temperatures, changing pH, and oxidative stress. Given the high conservation of hsps, particularly among related bacteria, it is possible that the host immune system is "primed" to target common epitopes of hsps, particularly GroEL, explaining its high seroreactivity with melioidosis. This idea is consistent with the work of Yamaguchi et al. [35] , who found an epitope on Helicobacter pylori GroEL that was shared with numerous other species.
Alkyl Hydroperoxide Reductase Protein C Free radicals and oxidative stress play important roles in the innate immune response of the host. Phagocytic cells are able to kill invading bacteria through a pathway reliant on reactive oxygen and nitrogen intermediates [36] . Two of these roles are to inhibit proteases via Snitrosylation of the cysteine residues in the activation site and nicking of DNA to induce apoptosis [36] [37] [38] [39] . In this study, AhpC (Akyl hydroperoxide reductase protein C), a predicted oxidative stress response protein was detected in all four strains. As AhpC was highly expressed, it is possible that the expression of this protein is up-regulated during the early stages of infection and phagocytosis when oxidative stress response is at its greatest in the host [36, 40] .
If this postulate is correct, then AhpC may represent an attractive target for early immunological diagnosis of melioidosis.
Enolase
The main function of enolase is a part of the glycolysis pathway, but it has also been described as a "moonlighting" protein, detected on the cell surface and involved in plasminogen binding. This additional function allows the bacteria to penetrate the extracellular matrix and cell membrane, facilitating the spread of bacteria into tissue. Enolases do not have traditional sorting signals and it is unknown how the proteins are transferred to the cell surface [41] [42] [43] .
The amino acid sequence of enolase in B. pseudomallei (BPSL2270) is rich in alanine, glycine, and leucine (11%, 10.8%, and 10.1%, respectively). Lysine is recognized as an important amino acid in the active site of the C-terminus and comprises 4.7% of the sequence in BPSL2270. A hydrophobic domain and posttranslational acylation or phosphorylation are known to play a role in membrane association [41] .
Folden et al. [44] found that Borrelia burgdorferi enolase was exposed on the cell surface using microscopy and immunoassays and acted as a receptor for plasminogen. They also examined the conversion of plasminogen to plasmin and immunoblotted enolases of recombinant and cell lysates. These enolases proven to be strongly seropositive are consistent with our results.
Elongation Factor Tu
Translational elongation factor Tu (EF-Tu) contributes to the lengthening of the peptide chain in protein synthesis [45, 46] , but has additionally been reported as an adhesin, necessary for cell invasion in several pathogenic bacteria. Nieve et al. [47] identified AhpC, DnaK, and EF-Tu as highly immunogenic proteins of the closely related Burkholderia thailandensis. They found that intranasal immunization using a recombinant EF-Tu was able to generate an IgG antibody that recognized the native EF-Tu, representing a potential vaccine target for B.
pseudomallei.
Granto et al. [48] identified EF-Tu in Lactobacillus johnsonii NCC533 (La1) as immunogenic surface molecules which mediated attachment to intestinal epithelial cells and mucins. Kolberg et al. [49] also found EF-Tu to be surface exposed in multiple bacteria using flow cytometry. It appears that EF-Tu is highly immunogenic in multiple species and plays a critical role for pathogens in invasion of host cells.
LysR family transcriptional regulator
LTTRs are one of the most abundant types of transcriptional regulators in known in prokaryotics [50] . [14] , but our study has shown that they are detected in not all cases. It is postulated that the variation in detected immunogenic proteins can be caused by different stages of illness and also that the different clinical presentation reflects different pathways of virulent protein involvement [29] .
Gene expression studies have shown that ATP synthases such as AtpA and AtpD can be down-regulated. In host-pathogen interactions, the bacteria in the intracellular state adjust nutrient availability for survival, resulting in down regulation of energy metabolism such as ATP synthase and NADH dehydrogenase [51] . Tuanyok et al. [52] found that iron stress results in modulation of expression of ATP synthase subunit epsilon. But this research found strong reactivity for ATP. It is postulated that the proteins are required for surviving and thriving in the host.
FliC protein is believed to play roles of motility of the bacterium to disseminate from localized sites, such as skin and lung, to other organs via bacteremic spread. This ability of B.
pseudomallei may be important also for intracellular survival and in the pathogenicity of both acute and chronic infection [53] . Chua et al. [54] constructed isogenic deletion mutant with flagellum gene (fliC) and challenged mice with the mutant; all animals infected with this mutant remained healthy. The patient whose serum linked to B. pseudomallei PB1007001 presented with a skin abscess and associated swollen regional lymph node. This illness followed a presumptive inoculating skin cut on the leg. From this patient serum, FliC was detected as an immunogenic protein.
DnaK is a chaperone protein having conserved domain like GroEL, which remains unchanged level at different media and surrounding environment and keep the transcript level even in different strains [55] . That means this chaperone protein had the sample transcript level across all the four stains at this research. At this research, two sera showed reactivity to DnaK.
This protein was also identified as being immunoreactive with melioidosis case sera by others [14, 30] . Being detected by only two isolates out of four may reflect different pathway of infection or progress of infection.
Comparison of identified common immunogenic protein sequence
We blasted our commonly detected immunogenic protein sequences with those of selected commensal bacteria, B. mallei and B. thailandensis strains to investigate structural similarities. Most of our common immunogenic proteins are chaperonins, which have highly conserved structure. Those conserved structures have high similarity with commensal bacteria and other genetically similar species. This could hinder these proteins from being used as a specific biomarkers for diagnosis or as vaccine target. Vaccine candidates should be differentiated between beneficial and harmful microbes.
The sequence comparison of the common proteins showed that the similarities were lower with commensal bacteria. These are of greatest concern as they can colonize healthy pseudomallei.
Conclusion
We identified proteins common to all four strains that are strongly immunogenic with all sera used. Perhaps not coincidentally, these proteins are also highly expressed as visualized with 2DE and silver staining. This suggests that this group of eight known proteins have a potential for use as diagnostic targets or vaccine subunits. Further studies of more patient-B. pseudomallei isolate matches are required to assess the universality of these protein responses and to also determine how the progression of disease affects the expression of B. pseudomallei proteins and the resulting host antibody production. Figure 1 : 2D silver stained map of immunogenic proteins of four Burkholderia pseudomallei strains. Colored circles highlight all immunogenic proteins identified. Proteins identified in at least two strains as immunogenic are colored in yellow and in only one strain as follows: MSHR1079 (blue), MSHR1328 (orange), PB08298010 (purple), and PB1007001 (green).
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Figure 2:
Comparison of immunogenic proteins identified from four Burkholderia pseudomallei strains. Number is the total detected immunogenic protein spots for each strain and numbers in parentheses are the number of identified immunogenic protein spots for each strain by mass spectrometry. Colored circles correspond to each strain as follows: MSHR1079 (blue), MSHR1328 (orange), PB08298010 (purple), and PB1007001 (green). Note: This 2DE image was generated from B. pseudomallei strain PB0829010. 
